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AMENDMENT NO. 1 OCTOBER 2008 

TO 

IS 12169 : 1987 CRITERIA FOR DESIGN OF 

SMALL EMBANKMENT DAMS 

{Page 9, clause 4.1.4) — Substitute 'IS 4999 : 1991** for 'IS 4999 : 
1968*\ 

(Page % footnote marked *) — Substitute the following for the existing 
footnote: 

^Recommendations for grouping of previous soils {ftm rwisUmy 

(Page 1 1, clause 4.8) — Substitute *IS 5050 : 1992§' for 'IS 5050 : 1968§\ 

(Page II, footnote marked §) — Substitute the following for the existing 
footnote: 

'Code of practice for design, construction and maintenance of relief wells (first revision). * 

(Page 12, clause 5.1.1) — Substitute 'IS 10635 : 1993*' for 'IS 10635 : 
1983*\ 

(Page \2, footnote marked *) — Substitute tiie following for tiie existing 
footnote: 

'Freeboard requirements in embankment dams — Guidelines (flrsi revision)* 

(Page 18, clause 7.2.1) — Insert tiie following sentence at the end: 

'After assessment of geo-technical parameters of flyash and based on techno- 
economic considerations, flyash conibrming to IS 3812 : 1981 nuiy be used in 
the random 2x>nes on downstream of inclined filter in a zoned dam.' 
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Indian Standard 

CRITERIA FOR 
DESIGN OF SMALL EMBANKMENT DAMS 



0. FOREWORD 

0.1 This Indian Standard was adopted by the Bureau of Indian Standards 
on 24 August 1987, after the draft finalized by the Dams ( Overflow and 
Non-overflow ) Sectional Committee had been approved by the Civil 
Engineering Division Council. 

0.2 A fairly large number of small embankment dam« are being built tA\ 
over the country. These are generally designed locally and central design 
facilities are not made use of. In designing, a small embankment dam 
many of the provisions specified in IS : 8826-1978* are required to be 
modified or relaxed. It was, therefore, felt that a separate standard should 
be prepared for guiding the design of small embankment dams. 

0.3 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expres- 
sing the result of a test or analysis, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard lays down guidelines for design of small embankment 
dams. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions in addition 
to those given in IS : 8826-1978* shall apply. 

2.1 Emttankmeiit Dam — A dam composed of any type of soil includ- 
ing rock. 

2*2 lIomog«n«o«s Kmlwmliin— t Dam — An embankment dam com* 
posed of single type of material. 

*Guidtliiitt for design of largo tarlkland fockBIl dmms. 
tRulos for rounding off numtrical valuos ( f$$i$ti )• 
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2.3 Large Dam — A dam exceeding 15 m in height above deepest river 
bed level and a dam between 10 and 15 m height provided volume of 
earthwork exceeds 0*75 million m> and storage exceeds 1 million m* or 
the maximum flood discharge exceeds 2 000 cumecs. 

2.9.1 Modified Hamogineous Embankment Dam — An embankment dam in 
which small quantities of pervious material, selected to control the action 
of seepage, are carefully placed in an otherwise homogeneous dam ( See 
Fig. 1 ). 

2.4 Rockflll Dmm — An embankment consisting of various sizes of rock 
to provide stability and an impervious core of membrane to provide water- 
tigntness. 

2.5 Stnall Dam — A dam not satisfying the criteria of a large dam 
( see 2J ). 

2*6 SCoaed En&bankmeist Dasn — An embankment dam composed of 
zones of different types of soil ( see Fig. 2 A and 2B ). 

9. COMPONENTS OF EMBAKMENT DAM 

3.1 An embankment dam generally consists of the following components 
(Fig.2Aand2B). 

a) Cut-off; 

b) Core; 

c) Casing; 

d) Internal drainage system and foundations; 

e) Slope protection; and 

f) Surface drainage. 

3.2 The following components are provided in special cases: 

a) Impervious blanket; and 

b) ReUef well. 

4, FUNCTIONS AND DESIGN REQjUIRBMENTS 

4.0 The functions and design requirements of the components are descri- 
bed in 4.1 to 4.8. 

4.1 c«t-oflr 

4.1.1 The cut-off is required for the following functions: 

a) To reduce lots of stored water through foundations and abut- 
ments; and 

b) To prevent subsurface erosion by piping. 
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4.1.2 The type of cut-off should be decided on the basis of detailed 
geological investigation. It is desirable to provide a positive cut-off. 
Where this is not possible, partial cut-off with or without upstream imper- 
vious blanket may be provided. In any case, adequate drainage arrange- 
ments may be provided on the downstream which may, inter-alia, include 
relief well. Cut-off may be in the form of trench, sheet piling, cement 
bound curation, diaphragm of bentonite, concrete or other impervious 
materials. 

4.1.3 Recommendations for location and size of cut-off are given 
in 4.1.3.1 to 4.I.3.6. A drainage cut-off is the most common form of 
cut-off. 

4.L3.1 The alignment of the cut-off should be fixed in such a way 
that its central line should be within the base of the impervious core. 

4.1 •3.2 In case of positive cut-off, it should be keyed at least to a 
depth of 0*4 m into continuous impervious sub-stratum or inerodible rock 
formation. 

4J.3.3 The partial cut-off is specially suited for horizontally strati- 
fied foimdations with relatively more pervious layer near top. The depth 
of the partial cut-off in deep pervious alluvium ^ili be governed by: 

a) Permeability of substrata; and 

b) Relative economics of depth of excavation governed usually by 
cost of dcwatering versus length of upstream impervious blanket. 

4.1.3.4 The bottom width of the cut-off trench may be fixed taking 
following factors into consideration: 

a) Provide sufficient working space for compaction equipments; 

b) Provide sufficient working space to carry-out curtain grouting; 
and 

c) Provide safety against piping. 

A minimum width of 4*0 m is recommended. A bottom width of 10 
to 30 percent of hydraulic head may be provided to satisfy requirement of 
piping. This may be suitably increased to satisfy other requirements of 
mechanical equipments and curtain grouting. The side slopes depend 
upon sub-strata. Side slopes of at least 1:1 or flatter may be provided in 
case of overburden, while jf:l and ^:1 may be provided in soft rock and 
hard rock respectively. The back fill material for cut-off trench shall have 
same properties as those specified for impervious core in 4.2.1. 

4.1.3.5 The cut-off in the flanks on either side should normally 
extend up to the top of impervious core. 
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4*1,3.6 At the abutment contacts of the cut-off trench, care should 
be taken to avoid seepage by outflanking. 

4J.4 Necessity of grouting below the bed of cut-ofT trench will arise if 
the cut-oiT trench is terminated in rock formation and the rock is weathe- 
red or having cracks, joints and crevices. Necessity of grouting may be 
decided based on percolation tests. Rock having a lugeon value of more 
than 10 should be grouted so as to bring post-grouting lugeon value of 
about 5. The depth of grouting does not normally exceed half the head 
of water at the level from which grouting is done. The necessity of grout- 
ing below the bed in case of partial cut-off trench will be governed by the 
cost and effectiveness of the grout curtain vis-a-vis the value of water loss 
through seepage below and beyond the partial cut-off trench If grouting 
is done, provisions of IS : 4999-1968* may be followed. Alluvial strata 
having permeability in excess of 10** cm/s shall be treated thoroughly by 
grouping with a suitable material. Strata of permeability between 
lO"* cm/s and 10"^ cm/s may be treated to reduce the permeability 
to the extent possible. The grouping of strata having permeability less 
than 10**' cm/s will be difficult, expensive and time consuming. 
4.2 Core 

4A1 The core provides impermeable barrier within the body of the 
dam. Impervious soils are generally suitable for the core. IS : 1498-1970t 
may be referred to for suitability of soils for the core. Appendix A gives 
recommendations based on IS : 1498-1970t* However, soils having high 
compressibility and liquid limit and having organic content may be avoi- 
ded, if possible, as they are prone to swelling and formation of cracks. 

4.2.2 The core may be located either centrally or inclined upstream. 
The locations will depend mainly on the availability of materials, topo* 
graphy of site, foundation conditions, diversion considerations, etc. The 
main advantage of a central core is that it provides higher pressure at the 
contact between the core and the foundation reducing the possibility of 
leakage and piping. On the other hand, inclined core reduces the pore 
pressure in the downstream part of the dam and thereby increases its 
safety. It also permits the construction of downstream casing ahead of the 
core. The section with an inclined core allows the use of relatively large 
volume of random material on the downstream side. 

4«2.3 The following practical considerations govern the thickness of the 
core: 

a) Availability of suitable impervious material; 

b) Resistance to piping; 



^Recommendatiom for grout log of previous soils. 

fClasstficaCion and identification or soils for general engineering purposes ( first 
fwision). 
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c) Permissible seepage through dam; 

d) Availability of other materials for casing, filter, etc; and 

e) Minimum width that will permit proper construction. 

The minimum top width of the core should be 3 m. Its thickness at 
any section shall not be lesser than 30 percent ( preferably not lesser 
than 50 percent ) of maximum head of water acting at that section. 
4*2.4 The top level of the core should be fixed at 0*5 m above MWL. 

4.3 Gaalng 

4.3.1 The function of casing is to impart stability and protect the core. 
The relatively pervious materials, which are not subject to cracking on 
direct exposure to the atmosphere, are suitable for casing. IS : 1498-1970* 
may be referred to for suitability of soils for casing. Appendix A gives 
recommendations based on IS : 1498-1970*. 

4.4 latcmal Drmiaage System 

4.4.1 Internal drainage system comprises an inclined or vertical filter, 
a horizontal filter, a rock toe, a toe drain, etc. For the design of the 
components of the internal drainage system IS : 9429-1980t may be 
referred to. As far as possible locally available sands, gravels, etc, should 
be used. 

4.4.2 The design of filter consists of applying the conventional filter 
criteria which take into account only the grain size distribution and the 
shape of the grains. However, in addition to the grain size, the stability 
of the base soil adjacent to a given filter depends on its resistance to drag 
forces. 

In view of this, when the soil containing 20 percent or more clay is 
used as a base soil and has non-dispersive properties, the filter criteria 
may not be enforced strictly and the clean sand available locally may be 
used irrespective of the gradation. This relaxation should be applied to 
dams up to 10 m height only. For dams of height more than 10 m, the 
criteria for filtess protecting cohesive soil may be relaxed by the designer 
depending upon his judgement and experience. 

4.4.3 Inclined or vertical filter together with the base filter, if required, 
is desirable to be provided especially to protect silty core material. How- 
ever, the inclined or vertical niter may be deleted in zoned sections having 
pervious doMmstream diell and clayey cores but a transition filter between 
the core and the downstream shell would be necessary in case of dams 
where rockfill is used as shell material. In case of dam reaches, where the 
head of water is 3 m or less, it may not be necessary to provide blanket or 
chimney filters. Adequate toe protection shall, however, be provided. 

*Clasiification and identification of solli for general engineering purpotei (first 
ftvision ). 

Kkxie of practice for drainage system for earth and rockfill dams. 

10 
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4.4.4 Wherever there is silty material to be filled in the cut-off and the 
downstream face of the cut-off is sufficiently open to receive soil particles 
migrating under high seepage gradients, it is advisable to provide a pro- 
tective filter layer along the downstream face of the cut*off trench also. 

4.5 Slope Protection 

4.5.1 Upstream Slop$ — The upstream slope protection is ensured by 
providing riprap. For design of the riprap, IS : 8237-1985* may be referr- 
ed. A minimum of 300 mm thick riprap over 150 nun thick filter layer 
may be provided. 

4.5.2 Downstream Slope — The downstream slope protection is ensured 
by providing riprap or turfing. It is usual practice to protect the down- 
stream slope from raincuts by providing suitable turfing on the entire 
slope. For details of downstream slope protection, IS : 8237-1985* may be 
referred. 

4.6 Surface Drainage — For surface drainage of the downstream slope 
of the dam, reference may be made to IS : 8237-1985*. 

4.7 Impervious Blanket 

4.7.1 The horizontal upstream impervious blanket is provided to 
increase the path of seepage when full cut-off is not practicable on pervi- 
ous foundations. The impervious blanket may be provided either with or 
without partial cut-off. Impervious blanket shall be connected to tore of 
the dam as shown in Fig. 2B. 

4.7.2 The material used for impervious blanket should have far less 
permeability than the foundation soil. To avoid formation of cracksi the 
material should not be highly plastic. Reference may be made to 
IS : 1498-1970t for suitability of soils for blanket. Appendix A gives reco- 
mmendations based on IS : 1498-1970t. A 300 mm thick layer of random 
material over the blanket is recommended to prevent cracking due to 
exposure to atmosphere. 

4.7.3 The impervious blanket may be designed in accordance with 
IS : 8414-1977}. As a general guideline, impervious blanket with a mini- 
mum thickness of 1*0 m and a minimum length of 5 times the maximum 
water head measured from upstream toe of the core may be provided. 

4.8 Relief Wells — If relief welb are provided) they should meet the 
requirements of IS : 5050-1968§. 



*Cod6 of practice for protection of slope for reservoir embankments {first r€visi§n ). 
tClatiification and identification of toils for general engineering purpose (first 
revision ) . 

tGuidelines for design of under-seepage control measure for earth-rockfiU dams. 
§Gode of practice for design, construction and maintenance of relief wells. 

11 
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S. BASIC DESIGN REQUIREMENTS 

5.1 The basic requirements for design of embankment dam are to ensure: 

a) safety against overtopping, 

b) stability, and 

c) safety against internal erosion. 

5.1.1 Overtopping — Sufficient spillway capacity should be provided to 

{)revent overtopping of embankment during and after construction. The 
reeboard should be sufficieat to prevent overtopping by waves and should 
take into account the settlement of the embankment and foundation. Free 
board for wave run up on slope shall be provided in accordance with the 
provisions contained in IS : 10635-1983*. 

5.1 .2 Stability Analysis 

5.1 .2.1 The slopes of the embankment shall be stable under all load- 
ing conditions. They should also be flat enough so as not to impose 
excessive stresses on foundation. 

5.1.2.2 For small dams stability analysis may not be necessary provi- 
ded a good foundation is available and the designer with his experience 
can decide adequate side slopes. However, where weak foundation condi- 
tions viz. Assured clay, expensive soils, shales, over consolidated highly 
plastic clays, soft clays dispersive soils, etc, are met within the substratum 
in the dam-seat, extensive investigations of the foundation soil and borrow 
area soil are required to be carried out and the design of the embankment 
dam carried out in accordance with IS : 7894-l975t 

5.1.2.3 The design of small embankment dam sections may be divi- 
ded into the following three categories based upon the height of the 
embankment in its deepest portion. 

a) Embankments where the height is below and up to 5 m; 

b) Embankments where the height is more than 5*0 m and up to 
10 m; and 

c) Embankments where the height is above 10 m and up to 15 m. 

For small dams under category (a) and (b) above the stability 
analysis may not be necessary. General guidelines of the sections and the 
recommended slopes are given in Table 1 for guidance of the designer. 
The average properties considered for different soils are given in Table 2. 
However, Uie designer with his experience and judgement may decide the 



^Guidelines for fr«e board requireroentt in embankment dams. 
tCode of practice for stability analyiis of earth dams. 

12 
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adequate side slopes where special technical or economic considerations 
may have to be taken into account. Stability analysis mav be carried out 
in accordance with IS : 7894*1975* based upon the detailed foundation 
and borrow area investigation and laboratory testing if the soil strata 
below the dam seat consist of weak foundation as given in 5.1,2 2 and/or 
the height of embankment is more than 10 m. 

6. SPECIAL DESIGN REQjUIREMENTS 

6.0 In addition to basic design requirements given in 5, the following 
special design requirements, should also be satisfied for embankment 
dams. 

6*1 Control of Cracking — Cracking of impervious zone results in the 
failure of an embankment dam by erosion, piping, breaching, etc. Due 
consideration to cracking phenomenon shall, therefoie, be given in the 
design of embankment dam. For classification of cracks and their impor- 
tance, 6.1.1 to 6.1.3 of IS : 8826-1978t may be referred. 

6.1.1 Measufisfor Control of Cracking — Following measures are recom- 
mended for control of cracking: 

a) Use of plastic clay core and rolling the core material at slightly 
more than optimum moisture content. In case of less plastic clay, 
2 to 5 percent bentonite of 2(30 to 300 liquid limit may be mix' d 
to increase the plasticity. 

b) Use of wider core to reduce the possibility of transverse or hori- 
zontal cracks extending through it. 

c) Careful selection of fill materials to reduce the differential move- 
ment. To restrict the rockfill in lightly loaded outer casings and 
to use well graded materials in the inner casings on either side of 
the core. 

d) Wide transition zones of properly graded filters of adequate width 
for handling drainage, if cracks develop. 

e) Special treatment, such as preloading, presaturation, removal 
of weak material, etc» to the foundation and abutment, if 
warranted. 

f ) Delaying placement of core material in the crack region till most 
of the settlement takes place. 

g) Arching the dam horizontally between steep abutments. 

h) Flattening the downstream slopes to increase slope stability in the 
event of saturation from crack leakage. 

j ) Cutting back the steep abutment slopes. 

^Gode of practice for itability analviis of earth dams. 
fGuidelinct for design of large earth and rockfill dami. 

13 
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6.2 Stability mt Jvnctloiis — Junctions of erabankment dam with 
foundsition abutments, masonry structures, like overflow and non*overflow 
dams and outlets need special attention with reference to one or all of the 
following criteria: 

a) Good bond between embankment dam and foundation; 

b) Adequate creep length at the contact plane; 

c) Protection of embankment dam slope against scouring action; 
and 

d) Easy movement of traffic, 

6.2»1 Junction with Foundation — Embankment dam may be founded on 
soil overburden or rock. For foundation on soils or non-rocky strata, vege* , 
tation like bushes, grass roots, trees, etc, should be completely removed.' 
After removal of these materials, the foundation surface should be moist- 
ened to the required extent and adequately rolled before placing embank- 
ment material. For rocky foundation, the surface should be cleaned of aH 
loose fragments including semi-detached and overhanging surface blocks 
of rocks. Proper bond should be established between the embankment and 
the rock surface prepared. 

6.2.2 Junctions with Abutments — The rocky abutments should be suitably 
shaped and preapred in order to get good contact between the impervious 
core of the embankment and the rock over-hangs, if any, should be 
removed. Vertical surfaces should be excavated to form slopes, not steeper 
than 0*25 H to 1 V. A wider impervious zone and thicker transitions 
should be provided, at the abutment contacts to increase the length of 
path of seepage and to protect against erosion. 

6.2.2.1 The bond between rocky or non-rocky abutment should be 
established as in 6.2.I. In addition, sufficient creep length should be 
provided between impervious section of the dam and the abutment, so as 
to provide safety against piping. The creep length should be not less than 
4 times the hydraulic head. 

6.2«3 Junction with Non-oviijlow Dam — Junction of non-overflow masonry 
concrete dam with embankment dam is provided by a better not steepor 
than 0*5 H to 1 V to the end face of the non-overflow block coming in 
conuct with the impervious core. A wider impervious zone and thicker 
transitions shall be provided at the abutment contacts to increase the 
length of path of seepage and to protect against erosion. Sometimes these 
conuct layers are mixed with 2 to 5 percent bentonite with liquid limit of 
200 to 300 to cause expansion and hence to have tight joints. Sometimes 
the junction of earth dam with non-oveMow dam is provided with earth 
retaining walls perpendicular or skew at the junction of non-overflow dam 

14 
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TABLE 1 GENERAL QUIDBUNE8 FOR EMBANKMENT SECTIONS 



Sl 
No. 



DUOIIPTIQN 

i) Typeofiection 



WiiOHTUfToSffl HnosxABoviSmAiroUFTOlOm 

Hofflogeneoui itctioa/Modified Zooed lectionf Modified heoogi- 
bofflogeneoui lection neoui lection/Hofflogeaeoui 

Mctkm 

i " *> "" ' ■■■— " ■ ^^ f - ■» — ■■■>.-■»■ 



ii) Sltfii 



UfstriM 



i) CoirM gnioed wii Not luitible 
(GW,0P,8W,SP) 



b) Gome grained loi) 
(GG,GM,SC|SM) 

c) Fine grained loil 
(a,ML,GI,MI) 

d) Fine grained toil 
(CH,MH) 

iii) Hearting lone 

a) Top width 

b) Top level 

iv) Rock toe height 



v) Bermi 



(H)(V) 
2:1 



(H)(V) 
2:1 

(H)(V) 
2:1 

Not required 



D$wnsirm 



(H){V) 
2:1 



(H)(V) 
2:1 

{H)(V) 
2:1 



Not necciMry up to 3 m. Above 
3 m height, Im height of rock 
toemaybeprovidea 

Not neceHary 



Ufsinm 
Not suitable 



(H)(V) 
2:1 



Dtmtrim 



(H){V) 
2:1 



{H)(V) 
2'25l : I 

(H)(V) 
2'5tl 



(H)(V) 
2'5:l 

(H)(V) 
3'75:1 



May be provided 

3m 

0'5m above MWL 

Neceaary 

H/5t where Hii the height 
of embankment 



Not necemry 



Hkgbt Abovi 10 m axd 
Ur TO 15 m 

Zoned section/Modified homoge- 
neotti lection/Homogeneoui 
lection 



Upstrm 



Dtwntimm 



Not suitable for core 
Suitable for cuing tone 

Section to be decided based upon 
the stability analysis in accord- 
ance with IS : 7894-1975 



Necessary 

3m 

0'5m above MWL 

Necessary 

if/5, where H is the height of 
embankment 

The berm may be pvided as 
per desif n. The minbum berm 
width shall be 3 m. The berm 
may be provided also on the 
downstream slope for facilities 
during I 



IS 



tSt 1210. 1987 



TABLE 2 AVERAGE PROPERTIES FOR DIFFERENT TYPES or sons 

(CW 3.1.2.3) 



Sl EkoiKeeriito 
No. Clash* 


AmAOEPROmTIBSOFSoit 

MDD OMC Cobfiioo 
k|/m' percent kg/in* 




Soil CoyiTAirn for Rbgomiiihdio 
Siorn 


Tin^ 


TlQkTlQS Uf 

IS:I498-1970*) 


MDD 

kg/m« 


OMC Goheiioo Int 
pcreent kg|m* 


i) GG 


>|840 


<15 


NA 


>0'60 






ii) GM 


>]830 


<I5 


NA 


>0*67 






iii) SM 


1830 ±16 


15±04 


500 ±500 


0*58 ±0*07 


1800 


15 1 100 0'60 


iv) SC 


1840 ±16 


15i0'4 


1100±600 


0-6 ±0'07 






v) ML 


1 650 ± 16 


19±0'7 


900±NA 


0'62±0'04 






vi) CL 


1 730 ± 16 


17±0'03 


1200±200 


0'54±0-04 


1650 


19 900 0'55 


vii) CH 


1 510 ± 32 


251 1-2 


1 300 ±600 


0'35±0'09 






viii) MH 


1310 ±64 


36 ± 3'2 


2000±900 


0*47±0'05 


1300 


35 1800 0*35 
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with the overflow dam. Such retaining walls shorten the length of non- 
overflow dam ( transition length ) but they themselves add to the cost. 
The alignment of the dam and the junction may sometimes have to be 
modified to suit smooth transition of road on top of dam from non-overflow 
section to embankment dam section. 

6*2A Junction with Outlets — Proper bond should be provided between 
the earthwork and the outlet walls. Staunching rings should be provided 
along the outlet conduits in the impervious zone^ at intervals, so as to 
increase the path of percolation along the contact. Backfilling of the 
trench for the outlet conduit should be done with concrete up to the top 
of rock surface and the portion of the trench above the rock level should 
be refilled with impervious material compacted with moisture contact 
about 2 percent more than optimum. The shape of conduit coming in 
contact with earthwork shall be given a side better of 0*25 H to 1 V to 
provide a better contact with the earthwork. Sharp corners at the top 
should be avoided. Special care should be taken to ensure tight contacts 
between the trench fact and the backfill. 

7. SELECTION OF DAM SECTION 

7.1 No single type of core-section of embankment dam is suited for all site 
conditions. The adoption of the particular type of embankment section 
depends upon the following factors: 

a) Availability of the suitable local material in sufficint quantity 
within reasonable range; 

b) Foundation conditions and cut-oflT requirements; 

c) Types of construction plant, earth moving, compaction and other 
equipment; 

d) Divenion considerations and construction schedule; 

e) Climatic conditions in relation to placement, moisture content 
control, subsequent moisture content change, etc; and 

f ) Safety with respect to stability and seepage. 

7*2 Zoaiag — If only one type of suitable material is readily available 
nearby, a homogeneous section is generally preferred. If the material 
available is imperviotis or semi-pervious, a small quantity of pervious 
material is required as casing for protection against cracking. On tne other 
hand, if it is pervious^ a thin impervious memberane if required to as to 
form a wat^r barrier. 
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7.2*1 A zoned dam is, however, preferred where different types of soils 
are available from borrow area. It also facilitates the use of compulsory 
excavation from foundation, approach channel, tail channel, etc. The 
zoned embankment dam is generally composed of an impervious core 
bounded by transitions and/or outer casing of pervious material. In zoned 
embankment dam, the weaker materials are often utilized most econmi- 
cally in the form of random zones. Maximum utilization of the material 
available from compulsory excavation should be aimed at. Random zones 
are generally provided below minimum draw down level on upstream side 
and on downstream of inclined filter. When upstream casing zone is of 
relatively impervious mateiial, horizontal filters at suitable intervals, say 
5 to 6 m, may be provided to limit the drawdown pore pressures for dams 
of height more than 10 m. {See Note below Fig. 2 A ). 

7.2.2 The zoning of embankment dam as planned in the design may 
have to be altered or modified during execution stage in view of the 
following: 

a) The materials estimated are not available according to require- 
ment; 

b) Different types of material encountered which could not be ascer- 
tained during investigations; 

c) Construction difficulties; 

d) Construction schedule; and 

e) New foundation features. 

7.3 Top Width -r The width of the dam at the crest should be fixed 
according to the working space required at the top. No dam should have 
crest width of less than 4*5 m. 
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APPENDIX A 

( Clauses 4.2.1, 4.3.1 and 4.72 ) 

SUITABILITY OF SOIL FOR CONSTRUCTION OF DAMS 



Relative 
Suitability 


Homogeneous 
Dykes 


J^onid Dam 

t — V » 

Impervious Pervious 
Gore Gasing 


Impervious 
Blanket 


Very suitable 


GC 


GG SW, GW 


GG 


Suitable 


CL,GI 


GL, GI GM 


GL,GI 


Fairly suitable 


SP, SM 


GM, GG SP, GP 


GH,SM 




CH 


SM, SG. GH 


SG, GG 


Poor 


— 


ML, MI, MH — 


— 


Net suitable 


— 


OL, GI, OH — 


... 



Pt. 

Note — Refer to IS : 1498-1970 'CUuification and identification of soib for 
general engineering purposes ( first reoision ) *. 
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IS 1 12169 • 1987 

( Contim$dfiompagt2) 

M$mb9rs Rt^tSMting 

DiRBCTOR ( Dam ) ( R a v J i t Irrigation Department, Government of Punjab, 
Saoar Dam ) Chandigarh 

Sbbi Y. B. Mathur ( Alternate ) 
Db M. C, GosL Water Resources Development and Training 

Centre, University of Roorkee, Roorkee 
Sbbi V.K. Jain Irrigation Department, Government of Uttar 

Fradesh, Lucknow 
Sbbi Bikbam Baldbv Raj ( AlUranU ) 
Sbbi D. G. Kadkadb Jaiprakash Associated Private Ltd, New Delhi 

Shbi T. K. Natabajan Central Road Research Institute ( CSIR ), New 

Delhi 
OvFioBB-oir-S pbcial Duty, Irrigation Department, Government of Andhra 
APERL Pradesh, Hyderabad 

SuPBBUrrxKDlNO EnOlNBBB 

( Dams ) ( CDO ) ( AUtranU ) 
Sbbi Bbijsnoba Kumab Shabma National Hydro-Electric Power Corporation Ltd. 

New Delhi 
SunBiNTBBDiMO Enoikxbb, Dam Irrigation Department, Government of Bihar, 

CoBSTBUCTioM ZoNB Patna 

SuPKBiNTENOiNO Enoinbbb Irrigation Department, Government of Mahara- 
( Eabtb Dam ), CDO shtra, Bombay 

Exboutivb Enoikkbr ( Eabtb 
Dam ), CDO ( AlHrnMU ) 
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Talaphona 


8-77 00 32 


323 76 17 


337 86 62 


60 38 43 


235 23 15 


832 92 95 


550 13 48 


839 49 55 


55 40 21 


40 36 27 


21 01 41 


8-28 88 01 


8-71 19 96 


54 11 37 


20 10 83 


37 29 25 


21 68 76 


23 89 23 


26 23 05 


6 21 17 


52 51 71 


32 36 35 


27 10 85 


309 65 28 


222 99 71 
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